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httcense.Abstract Purpose: The aim of this prospective study was to assess lung ultrasonography as an
alternative to bedside radiography for the diagnosis of neonatal pneumonia.
Patients & methods: The study was performed on 75 neonates admitted during the period from
October 2011 to October 2012 in the NICU of Cairo University Pediatric Hospital presenting with
clinical picture of pneumonia. Chest X-rays and lung US were done.
Results: Chest X-ray ﬁndings denoting lung infections were present in 64 cases (85.3%), and the
remaining 11 cases (14.6%) had a free chest X-ray. Ultrasonography revealed pneumonic patches
in 68 patients (90.6%), 7 (9.3%) had free US scans. US and chest X-rays detected pneumonic
patches in 64 cases (85.3%), US detected pneumonic patches in 18 cases (24%) with chest X-rays
having signs of chest infections other than pneumonic patches and in 4 cases (5.3%) with clear chest
X-rays.
Conclusion: Bedside lung ultrasonography is highly sensitive, speciﬁc, and reproducible for ruling
out underlying pneumonic process as well as in early detection and follow up of possible complica-
tions and can be considered an attractive alternative to bedside chest radiography and thoracic
computed tomography with minimal radiation exposure.
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Pneumonia contributes to between 750,000 and 1.2 million
neonatal deaths each year worldwide (1). Diagnosis of pneu-
monia is sometimes difﬁcult and lack of exact deﬁnitions for
pneumonia (2) compounds this problem. It was reported that
clinical picture and chest X-ray can miss the diagnosis of pneu-
monia in neonates in 15% cases (3). However, chest X-ray is
still considered to be the ﬁrst imaging step for diagnosing
pneumonia in children (4).
In the neonatal intensive care unit (NICU), bedside lung
auscultation and chest radiography are routinely performed
on a daily basis for assessing lung status in infants with chest
problems. Interpretation of the location and nature of an area
of increased opacity on chest radiographs is sometimes prob-
lematic, particularly in young infants with varied conﬁgura-
tions of the normal thymus, and differentiation between
pulmonary, pleural, and mediastinal lesions is not always easy.
Because of many advantages such as the absence of radiation
exposure, non-invasiveness, low cost, safety, and ready avail-
ability, transthoracic ultrasonography (TUS) represents an
emerging and useful technique in the management of pleural
and pulmonary diseases (5).
TUS is helpful in the evaluation of persistent or unusual
areas of increased opacity in the peripheral lung, pleural
abnormalities, and mediastinal widening; ultrasonography
(US) is particularly useful in patients with complete opaciﬁca-
tion of a hemithorax at radiography. In cases of pulmonary
parenchymal lesions, identiﬁcation of air or ﬂuid broncho-
grams at US is useful for differentiating pulmonary consolida-
tion or atelectasis from lung masses and pleural lesions (6,7).
The aim of this prospective study was to assess whether
lung ultrasonography could be an alternative to bedside chest
radiography for diagnosing neonatal pneumonia.2. Materials and methods
The study was performed on 75 neonates admitted during the
period from October 2011 to October 2012 in the NICU of
Cairo University Pediatric Hospital. Neonates presenting with
clinical picture of pneumonia were enrolled in the study. This
included an acute onset of symptoms and signs of respiratory
distress including tachypnea, retractions, grunting and cyano-
sis in addition to auscultatory ﬁndings including diminished air
entry, ﬁne crepitations and bronchial breath sounds. Only neo-
nates presenting after 48 h of life were included as an attempt
to exclude the possibility of Respiratory Distress Syndrome
(RDS) and Transient Tachypnea of the Newborn (TTN). Neo-nates with congenital heart disease (CHD) were excluded from
the study to rule out pulmonary edema secondary to congeni-
tal heart disease.
All included neonates were subjected to
 History taking including; sex, gestational age, postnatal age,
mode of delivery, weight, presenting symptoms and their
onset.
 Full clinical examination including general, cardiac, abdom-
inal and chest examination was performed. Signs of respira-
tory distress (respiratory rate, presence of retractions,
grunting or cyanosis) were observed and meticulous chest
auscultation was done. Auscultation was performed by
the same investigator immediately before performing the
US scanning. Twelve lung regions were systematically
examined: the upper and lower parts of the anterior, lateral,
and posterior regions of the left and right chest walls with
the patient in the supine position. Abnormal auscultatory
ﬁndings included diminished breath sounds, presence of
bronchial breath sounds and presence of ﬁne crepitations.
The extent of lung injury was assessed as the number of
regions where auscultation was abnormal.
 Laboratory investigations including complete blood count
with differential, C reactive protein, blood culture and
endotracheal aspirate in ventilated cases were done.
 Chest radiography with the patient in the supine position,
anterior portable radiographs were obtained using a Philips
Mobile Medical X-ray system D-22335 Hamburg, Germany
before US scanning that was read by the same radiologist.
Exposure time, focus-ﬁlm distance, and degree of exposure
were standardized for each patient to obtain the best radio-
graphic quality. Lung parenchyma was divided into 12
regions by a cephalocaudal mid-axillary line and a transver-
sal hilar line. Upper lung regions were deﬁned as lung
regions delineated by the apex, mid-axillary line, mediasti-
nal line, and hilar line. Upper and lower lateral lung regions
were deﬁned as lung regions delineated by the external limit
of the chest wall, mid-axillary line, and apex (upper) or dia-
phragm (lower). Upper and lower posterior lung regions
were deﬁned as lung regions with radiologic signs erasing
the mediastinum border (‘‘silhouette sign’’) and delineated
by the mediastinum, mid-axillary line, hilar line, and apex
(upper) or diaphragm (lower) (8).The extent of lung injury
was assessed as the number of lung regions with radiologic
signs suggestive of alveolar consolidation.
 Lung ultrasonography was performed immediately after the
chest radiography, with a Toshiba Diagnostic Ultrasound
System, Nemio XG SSA-580A, and a linear 7 MHz. The
lung regions that were explored by auscultation were also
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interest, multiple sites were analyzed. If an ultrasound
abnormality was detected in a single site or several sites,
then the region of interest was considered characterized
by this abnormality. A given region of interest could be
characterized by several ultrasound abnormalities. Antero-
lateral parts of the chest wall were examined with the
patient in the supine position, whereas posterior parts were
examined with the patient in the lateral position. Lung
ultrasound examinations were also performed for a control
group of 20 healthy neonates to determine a normal ultra-
sound lung pattern. Transsternal, parasternal, and intercos-
tal approaches are good for imaging of the lung, pleura, and
anterior mediastinum (Fig. 1). Sector transducers are used
in subxiphoid and transdiaphragmatic approaches with
the liver used as the acoustic window for evaluating juxta-
phrenic paravertebral lesions. Suprasternal and supraclavic-
ular approaches facilitate evaluation of the upper
mediastinum and lung apexes. US is performed in the
supine, prone, or decubitus position. Images are obtained
in the transverse, longitudinal, and inclined transverse or
inclined longitudinal planes to maximize demonstration of
the lesion. Color ﬂow imaging may be helpful in character-
izing the lesion by demonstrating the vascularity and ﬂow
pattern and in searching for anomalous vessels, such as
those that occur in pulmonary sequestration (5). All scans
were done by the same radiologist.
Ethics approval from the Research Ethics Committee, Fac-
ulty of Medicine, Cairo University, was taken, according to
University and Research Ethics Committee guidelines.Fig. 1 Transducer positions for imaging intrathoracic structures.
A= supraclavicular, B= suprasternal, C= transsternal, D=
parasternal, E= intercostal, F= subxiphoid,G= transdiaphragmatic
(1).3. Image tools
In normal scans, the ribs, on longitudinal scans, appear as cur-
vilinear structures that cause posterior acoustic shadows. The
pleura appears as a regular echogenic line (pleural line) that
moves continuously during respiration. Pleural motion has
been described as the lung sliding sign. Beyond the pleura-lung
interface, the lung is ﬁlled with air and does not allow further
visualisation of the normal lung parenchyma (4) (Fig. 2).
When the lung is airless, as in consolidation or atelectasis,
there is a thorough transmission of the ultrasound beam, thus
showing the lung with atypical internal architecture and echog-
enicity instead of the bright reﬂections of the aerated lung. The
airless lung is similar in echogenicity and echotexture to the li-
ver and spleen. Within the solid-appearing area of echogenici-
ty, multiple bright dotlike and branching linear structures are
found. These ﬁndings represent air in the bronchi and scat-
tered residual air in alveoli within the consolidated or atelec-
tatic lung. This appearance is termed a sonographic air
bronchogram, which is analogous to the air bronchogram seen
on standard chest radiographs (9–12).
In consolidation, the lung volume is increased by ﬂuid or
tissue, but the bronchi are spared and retain their normal
branching pattern (13). In atelectasis, the overall lung volume
is decreased; as a result, supplying bronchi of the involved lung
can be crowded together in very close apposition in one plane.
In atelectasis, the US appearance of the air bronchogram is
still present as long as bronchi are not obstructed. However,
the scattered dotlike and branching pattern of the air broncho-
gram seen in consolidation may become crowded and parallel
running. The latter ﬁnding may be seen in passive atelectasis of
the peripheral lung due to a large pleural effusion, adhesive
pleural thickening, or pneumothorax (11).
The usefulness of US is in differentiation of pleural abnor-
malities from pulmonary parenchymal lesions; when both pul-
monary and pleural lesions are present, distinction between
these two lesion types is not always easy at chest radiography.Fig. 2 Normal lung, longitudinal thoracic scan. Note the
horizontal artifacts (A lines), the echogenic line of normal pleura
and posterior acoustic shadowing of the ribs (arrows). (4).
Fig. 3 (a) Normal lung, (b) scattered and branching dot like
ecchogenic air bronchogram seen within subpleural consolidation
patch.
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than air, as in mucoid impaction, US may demonstrate a
branching pattern of anechoic or hypoechoic tubular struc-
tures within the consolidated lung. Demonstration of ﬂuid
ﬁlled bronchi, an appearance termed as sonographic ﬂuid or
mucus bronchogram, is a speciﬁc indicator of pulmonary
parenchymal consolidation, equivalent to the air broncho-
gram. Sonographic air or ﬂuid bronchograms may not be vis-
ible, particularly in the peripheral lung. In this situation, color
ﬂow US demonstrates the normally branching pattern of pul-
monary vessels in the consolidated lung. Identiﬁcation of a
normal pulmonary vessel is another indicator of pulmonary
parenchymal consolidation (9,10).
However, anechoic pulmonary vessels within the consoli-
dated lung mimic ﬂuid bronchograms at gray-scale US. Color
ﬂow imaging allows distinction of color-coded pulmonary ves-
sels from anechoic or hypoechoic ﬂuid-ﬁlled bronchi. In a
practical sense, such distinction is not necessary because the
existence of branching patterns of both ﬂuid-ﬁlled bronchi
and pulmonary vessels implies pulmonary parenchymal con-
solidation. In some patients, pneumonic consolidation may ap-
pear as a round area of increased opacity, thus mimicking a
tumor. Differentiation between a tumor and a pseudomass is
not always easy with chest radiography alone, and further
evaluation with CT may be required. The application of US
and identiﬁcation of the characteristic of US appearance of
consolidation may eliminate the need for further imaging
evaluation.
4. Results
Seventy-ﬁve neonates were included in this study; 39 females
and 36 males, their postnatal ages on admission ranged from
3 to 26 days with a mean (±standard deviation (SD)) of
9.5 ± 5.72 days. Their mean (±SD) weight was
2644.6 ± 821.19 g and mean gestational age was 37 weeks.
Forty cases were delivered vaginally (53.3%) and 36 (46.6%)
were delivered by caeserian section.
All cases were diagnosed clinically as neonatal pneumonia
with different presentations. (Table 1)
Respiratory support was needed using mechanical ventila-
tion in 20 cases (26.6%); nasal continuous positive airway
pressure (CPAP) in 15 cases (20%) and in the rest i.e. 40 neo-
nates (53.3%) of the cases oxygen via nasal prongs only was
necessary.
C reactive protein was positive in 38 cases (50.6%); total
leucocytic count was elevated (>20,000/mm3) in 12 neonates
(16%) and reduced (<5000/mm3) in eight neonates (10.6%).Table 1 Clinical presentation of studied cases.
Sign No. %
Tachypnea (>60 breaths/min) 69 92
Retractions 65 86.6
Grunting 22 29.3
Cyanosis 20 26.6
Auscultatory ﬁndings
Decreased air entry 62 82.6
Fine crepitations 75 100
Bronchial breathing 5 6.6There was elevated I.T (immature to total) ratio (I.T > 0.2)
in 18 neonates (24%). Blood culture was positive in only eight
neonates (10.6%) and culture of endotracheal aspirate done
only in ventilated cases was positive in ﬁve of the 20 cases
(25%).
Five (6%), of the studied cases died while the remaining 70
(94%) cases improved and were discharged.
Chest X-ray ﬁndings were present in 64 cases (85.3%) in the
form of pneumonic patches in 46 cases (61.3%) and other ﬁnd-
ings including hyperinﬂation, ﬁne atelectatic bands or thick-
ened pulmonary interstitium in 18 cases (24%). TheFig. 4 Branching vessels in consolidated lung segment seen by
color Doppler study.
Fig. 5 Branching vessels in consolidated lung segment with
nearby anechoic longitudinal structures representing sonographic
mucoid bronchogram, color coded imaging differentiates between
both patterns.
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whom also had free US.
US revealed pneumonic patches in 68 patients (90.6%)
that appear as oblong or wedge shaped subpleural isoecchoic
areas, branching or scattered ecchogenic bright dots that rep-Fig. 6 (a) Chest X-ray of a patient with clinically detected pneumo
thickened interstitium – US detected peripherally seated apical (b) andresent the air bronchogram were seen within these areas,
(Fig. 3). Color Doppler imaging revealed the branching pat-
tern of the pulmonary vessels within the consolidated seg-
ment, (Fig. 4). Color imaging also helped in differentiation
between the pulmonary vessels and the anechoic branching
mucoid bronchogram, (Fig. 5). Seven (9.3%) had free US
examinations. Of the 68 patients with US detected pneumonic
consolidation, 46 patients had pneumonic patches detected by
both US and chest X-ray and of these 46 patients, seven
(15%) had more extensive lesions detected by US than those
seen by X-rays while in the 18 (39.1%) patients without clear
evidence of pneumonic patches in the chest X-ray, US de-
tected small apical or basal patches of pneumonic consolida-
tion (Fig. 6). Illustration of these results is included in
(Fig. 7). (Table 2) reveals the concordance between US and
chest X-ray ﬁndings.
One of our female cases, 2900 g, gestational age ± 40 -
weeks, delivered by caeserian section and mechanically venti-
lated with positive US and chest X-ray ﬁndings showed poor
response to antibiotic treatment. After 14 days early basal
paracardiac cystic changes were detected in the X-ray, appear-
ing by US as a triangular pleural based paracardiac lung seg-
ment having internal multiple variable sized anechoic cystic
areas, these cystic areas represent microabscesses (Fig. 8). Fol-
low up US scans were done for this patient until complete res-
olution of these changes.
Two patients had radiographically suspected atelectasis; US
conﬁrmed these ﬁndings demonstrating crowdedness of the
ecchogenic air bronchograms (Fig. 9).
The ﬁve neonates diagnosed clinically as pneumonia (with 1
or 2 positive sepsis screening laboratory parameter) with no
signiﬁcant ﬁndings in the X-ray and sonar showed improve-nia showing hyperinﬂated chest with right upper and mid zonal
basal (c) pneumonic patches.
Fig. 7 Illustration of chest X-ray and ultrasonography ﬁndings in the studied patients.
Table 2 Chest X-ray and ultrasonography cross tabulated
ﬁndings.
Ultrasonography ﬁndings Total
Free Aﬀected
Chest X-ray
Free
No. 7 4 11
% 9.3 5.9 14.6
Chest X-ray
Aﬀected
No. 0 64 64
% 0 85.3 85.3
Total No. 7 68 75
% 9.3 90.6 100
Fig. 8 Left paracardiac basal segmental area of chronic consol-
idation showing early micro abscesses.
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pneumonia.
5. Discussion
Acute lower respiratory tract infection, primarily pneumonia,
is the leading cause of death in childhood in developing coun-
tries, resulting in an estimated 1.9 million deaths annually (14).
The diagnosis of pneumonia has been highly dependent upon
imaging since physical examination is anecdotal for detection
of pneumonia (15). The need to rule out pneumonic process
is important in the NICU, so there is a continuous concern
about the balance between the diagnostic value and the poten-
tial harmful effects of chest X-rays frequently done for neo-
nates in NICU.
Given the possibility of evaluating pleural lesions, lungs,
and extracardiac mediastinum, lung US in children has been
recognized as a potentially useful diagnostic method (6,16).
This is supported by the fact that children have a thinner tho-
racic wall, smaller width of the thorax as well as lung volume,
which enables a better image quality and visualization of al-
most the entire surface of the lungs compared to the adult pop-
ulation (17). Lung ultrasound enables a quick low cost bedsideexamination of the patient, without carrying the risk of ioniz-
ing radiations, the US scan can be easily learned and per-
formed by experienced radiologist, and can be immediately
integrated with the clinical data (18). For all these facts, previ-
ous studies have evaluated the role of bedside lung US in the
NICU in diagnosing as well as following up underlying pleura-
pulmonary disorders. They stated that combining US with
clinical parameters could efﬁciently reduce the number of chest
X-rays in NICU (19).
In adults, lung consolidations extend to the pleura in 98.5%
of cases and can be seen on US (20). Because lung mass is
smaller in children, extension to the pleura may be much more
Fig. 9 Crowded air bronchogram in atelectatic lung segment
seen by lung US.
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standard chest radiography in the evaluation and follow-up
of infants with suspected pneumonia (17).Fig. 10 Illustrated chest X-ray, CT chest and lung US images of a p
atelectasis. (a) Chest X-ray shows right sided scattered patches of pneum
subpleural consolidation patches with left sided basal subpleural atelect
and the left sided atelectasis, volume reduction and bronchial wideninIn our study, 75 neonates with clinical diagnosis of pneu-
monia had bedside chest X-rays as well as lung US. Good
agreement was found between US and clinical ﬁndings
(90.6%), compared to the agreement (85.3%) between clinical
ﬁndings and chest X-rays; these results being similar to those
reported by Copetti and Cattarossi (100% and 88.3%, respec-
tively) (4). In Iuri et al. study (17), LUS and chest radiograph
had similar sensitivity in detecting subpleural consolidation
(68%). However in different studies done on cases of RDS,
Bober (21) reported an ultrasound sensitivity of 100% and
speciﬁcity of 92% while Copetti and colleagues reported that
the LUS sensitivity and speciﬁcity reaches 100% in diagnosis
of RDS (22). Ultrasound imaging performed at the patient’s
bedside, decreases the delays of chest radiography in diagnosis
of pneumonia and was proved superior to chest radiography in
almost every setting ranging from intensive care units to emer-
gency departments and outpatient clinics (15).
In 18 patients US pneumonic patches were detected yet not
seen in their chest X-rays, however these X-rays were not con-
sidered normal since apparent thickening of pulmonary inter-
stitium, ﬁne atelectatic bands and hyperinﬂated lungs were
noted and may indicate chest infection. Hence, combining
LUS with chest X-rays would be more accurate in ruling out
the presence of underlying pneumonic process.
Although radiological ﬁndings are commonly accepted as
the ‘‘gold standard’’ for deﬁning pneumonia, there are no val-
idated deﬁnitions for X-ray interpretation (2). Also, there is a
signiﬁcant variation in intra- and interobserver agreementatient with the right sided pneumonic consolidation and left sided
onic consolidation, (b) and (c): lung US conﬁrmed the right sided
atsis. (d) CT image further conﬁrmed the right sided consolidation
g is noted at the side of atelectatsis.
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ray images and on the radiographic features used for diagnosis
of pneumonia (2,4). In addition to these facts early chest X-
rays sometimes may be confusing as it was reported that clin-
ical signs clearly precede the classic radiographic consolidation
(23). All these facts can reduce the need for repeating X-rays in
early cases with clinical ﬁndings and minimal X-ray changes
exposing the neonate to more radiation for serial X-ray.
The chest X-ray of the lone patient in this study having
early complication of pneumonia revealed basal paracardiac
opaque area with tiny cystic changes, targeted LUS distin-
guished these changes more clearly as these tiny cysts repre-
sented early abscesses (24). LUS was used for following up
the total resolution, without exposing the patient to the harm
of frequent unnecessary chest X-rays. Therefore, LUS enables
detection of pulmonary complications. In combination with
clinical parameters LUS has the potential to reduce the num-
ber of chest X-rays in NICU (19).
In our work, tachypnea was a main presenting feature in
92% of cases and retractions were present in majority 86.6%
of studied cases. Similarly, retractions and tachypnea were
the main presenting signs (92% and 83.4% of cases, respec-
tively) in neonatal pneumonia with a sensitivity and speciﬁcity
of 93.2% and 36.1% for retractions and 88.3% and 6.3% for
tachypnea, respectively in the study done by Marthur and col-
league (3). Diagnosis of neonatal pneumonia on clinical basis
remains of superior value. In developing countries, childhood
pneumonia is diagnosed using clinical parameters, usually based
on the presence of cough and raised respiratory rate (24). This is
a sensitive deﬁnition, maximizing the number of children identi-
ﬁed and treated empirically, but it is non-speciﬁc (25).
Marthur et al. reported (3) that 14.5% of their studied cases
of neonatal pneumonia had a clear chest X-ray. This supports
our ﬁndings in which 14.6% (11 neonates) of our studied cases
had clear chest X-rays. However, US was positive in four of
these cases only unlike Copetti and Cattarossi who had 7/60
cases (11.7%) with normal chest X-ray but in all cases US
was positive; of whom four patients had a thoracic CT that
conﬁrmed the diagnosis of pneumonia and in the remaining
three patients the clinical course was consistent with pneumo-
nia. CT scan is the gold standard for diagnosis of neonatal
pneumonia (4). However, a routine CT scan for all cases of
neonatal pneumonia is neither essential nor practical.
In our study, we managed to do CT chest for three patients
only, as our patients are ICU ones that may not tolerate haz-
ards of transport. In one of them right sided basal posterior
subpleural consolidation as well as left sided posterior basal
supleural subsegmental atelectasis were found and were also
detected in CT images while chest X-ray only revealed the right
sided consolidation patches, (Fig. 10).
In conclusion, bedside lung ultrasonography is highly sensi-
tive, speciﬁc, and with reproducible results for ruling out
underlying pneumonic process as well as in early detection
and follow up of possible complications and can be considered
an attractive alternative to bedside chest radiography and tho-
racic computed tomography with minimal radiation exposure.6. Limitations of the study
One of these limitations is the small size of the sample, CT
studies should have been done for these patients but sincesome were mechanically ventilated, their transport was difﬁ-
cult in addition to the high cost and large radiation exposure.
Also, LUS scans have a limited role in evaluation of lesions
not in contact with the pleura but the small size of the neonatal
chest, small lung volumes compared to adults as well as the
more frequent extension of the pulmonary consolidation to
the lung surfaces kept these technical limitations to a
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